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Net work Andygsis NOT.

4 Your IEEE 802.3 X.25 ISDN

— switched-packet data stream
is running at 147 MBPgS with
aBER of 1.523 X 10 ...

ave
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What Types d Dewvices are Test ed?

Isdaors
drcdaors
Attenuat ors
Adapters
Opens, shorts, | oads
D Del ay li nes

Cabl es

Trans m ssi on li nes
Wavegui de
Resonators

Multidiers
D d ectrics
R L Cs O odes

Low

Passi ve e
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Dewvi ce Test Measurenment Modd
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Li ght wave Andogy to RF Energy

Ind dert ) |
> » Tr ans nitt ed
Refl ect ed i gt vave
= e ol =
RF
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Why Do We Needto Test Conponents?

o Verify spedficaions o “buildng d ocks” fa nore
conpl ex RF systens

I MMl
e Ensure d4aotior ess transm sg on al S @
d comnun cations Sgnd s

— linear: constant anpitude linear phase/ constart g oup
dd ay

— norlinear: harmoni cs, inte nodu aion, co
to PMconverdon

 Ensure good mat ch when absorl ng
power (e g, an antenna)

AM

mEREEmEE
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The Needfa Bah Magntude and Phase

S21

1 Gonplae S S
char act i zai on o 11 22
linear net works S,,

2. Conpl exi npedance 4. Time-doman
needed to desgn char act eri zai on
mat ching arcuts i

’ Jj_u

3. Conpl ex vdues T e
needed fa device
I’TDddl ng H ghfrequency trans ¢ a nodé 5 VeCt o-ero Correcti on

. Brao
Base AvAvAvA AVAVAVA l AVAVAVA ;E ‘\
z T (&b Coledar
i Measured
% Emtter ACt Ud
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Agenda

. What neasurements do we make?
o Transmsdg ontline bas cs
o Refl ection and trans nnsg on
paraneters
o S paranete defintion
. Net wor k and yzer hardwar e
» 3 gnd separdion devices
» Det ecti ontypes
» Dynamc range
o TTRversus Sparanmeter test sas
. Error node s and cdi brati on
o Types d neasurenent era
» One- andtwo-port nodd s
» Brrar-coredion cha ces
» Basic uncertany cdcd dions
. Exanpl e neasurenents
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Trans msg on Line Bag cs

+ I > =

— /

Lowfrequenci es
. wavd eng hs >> wrelengh

. curen (l) travd s down wres easlyfa effiaen
power trans msg on
. measured vdtage and curent na dependernt on

position d ong r,\!w\HHWIH\'\NWHH 0 o

T

H gh frequenci es

.wavdengh=aoa << lengh d transmsson
med um

. needtransmss onlines fa dfiaent power
trans mss on

. mat ch ngto charac e gicimpedance (Zo) is

veryi nportant .f-q_.l-.oxvr_ Ieﬂ tegi on Eilnc_l max mim _—
Net wor k Arﬁﬁm?_ciransf er -".E.'" gient iecnnoiogies 2000
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Transmss online Zo

Zo det e mnes rd aionsh p bet ween vdtage and curent
waves

Zois afunction o physcd d nens ons and &
Zois usudlyared i npedance (eg 50 or 75 ohns)

Twisted-pair 15
14} atenuaionis
Waveguic lowest & 77 ohns
13}
i 12
4
. 5 50 ohmstandard
= Lif \
>
3 l l
~ T N 1O 1 | ‘r‘é
L Xial E ool
h g
08

\\ vl o power handing capadty
peaks & 30 ohns
\ 0.6

0.5 1 1 1 1 | | 1
10 20 30 40 50 60 70 8090100

Cop _dvar N, Arip char act eri gi ci npedance
fa coaxid drlines (ohs)

2000
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Power Transfer EHfiaency

Rs
AV WWA
%RL For conpl ex impedances, maxi num
power transfer occurs when Z. = Zs
v (conugate natch)
Rs +jX
12
% Q os / \\\ —— -iX
- é 0.6 l \\\
T 5 04 ] RL
o 2 [
4 =02
0 bussbuswelwwodswdswbiswsbossl vl

Maxi mum power istransferred when RL = RS
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Transmss on Une Ter mnaed with Zo

Z0 =characterigic
Zs = Z0 i npedance d

- % ' :
I

Vie ::> N
<: Viet = O (dl the i nd dert power
Is absar bed i nthel oad)
For refl ection, atransm ssi online

ter mnatedin Zo behaveslike aninfintdy

long transm_ ssi online
Net work And yzer Basics 4.5 Agilent Technologies Copyr it
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Transmsg on Lne Ter mna ed wth
Short, pen

40D
@™ N

V.. :> \/\/\
NS v oo

For refl ection, atrans mssi onli ne
ter mnatedin ashort or open refl ects

/S = /0




Transmsg on Lne Ter mnaed with 25 Q

N
/s = Z0

<£>MM%f::::::::::::?% o
A RVAVA
AN L

S and ng wave pattern
does not goto zero as
wt h.sh OA;[] or

: n, . |
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H gh- Fequency Deu ce Char acteri zal on

| nd dent > i .
R — > Trans mtted
B
Refl ect ed
A
REFLECTI ON TRANSM SH ON
Refl ect ed A Transmtted B
Inddent ~ R I nd dert - R
/ \ / \ G oup
Ret
SWR / \ Lgsgn Gai n/ Loss \ Del ay
S Paraneters | npedance, | nsertion
S Sp Reflection  Adnittance S Parameters r Phase
Coeffid ent RH X S, S Trans mss on
rp GH B Coeffia ent
’ ; T,T
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Refl ection Paramet ers

Refl ecti on - Vil ected
Coeffia ent

-p/ @ = %0

_Vlnadert ZL + ZO
Returnloss =-20loy Q), P = ||'|

Voltage Sanding Wave

E”‘a" Rati 0 Emx  1+p
mwmiwl\wmH!\mlruwm\umw SR T e T g

No r &fl ecti on Full refl ecti on
(ZL = Z0o) (ZL = open, short)




Smth Chart Review

kR Pol ar d ane

® - + 180°
\ /v
4 X
Rectili near i mpedance / -90°
pl ane
Constant X
Z, =2 Constart R
Snith Chart maps M=o _
rectili near Z,=0 (short) Z, =00 (open)
i mpedance [ =1/+180° [ =1/0°
pl ane ont o pal ar
pl ane

s Smth chart
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Transmsg on Paranet ers

| nd dent V Tr ans ntt ed
- DUT —

V .
.. .. Tr ans ntted
Transmsdg on Coeffigent = T

= Tl

Vlnd dent

Insertion Loss (dB = - 20Log = - 20log T

Gain (dB ZZO_OgﬂS = 20log T
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L near Varsus Noni near Behawv or

A* Sin360°* f (t-t)

A‘7\ Li near behavior:
. inpu and ou pu frequendes ae
—»/[eto \/ Time the same (no addtiond
frequend es credt ed)
‘/\9’”360"”” Y st = . out pu frequency orly under goes
- 7 e magnitude and phase change
\/Ti me f1 Frequency
-——Input --L} DUT [J----- OUtPUL  — = — = — = m e e e e e o

‘ | | /V\ Nonli near behawvi or:

- . out pu frequency may

f1 Frequency Ti
.\/ \/\/ me under go frequency shift
fl

(eg wth nixers)
. addtiond frequend es
| ]| crea ed (har norics,
Frequency | It & nodu &i on)
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Magnitude

Qitenafor D otion ess Trans nnsg on
Ll near Net works

Li near phase over

Constant anplitude over bandw d h o
bandwdh o i ntees It erest
|
— — b — —
: : | : ]
! ! ! | Fr equency
|
| | . ! |
2 ! :
_/ \ E '
|
|
|
H equency
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Magntude Vari ation wth Heguency

Ht) =9anw +1/3 an3w +1/5 3nb5w

Time —

v Time
Li near
Net wor k
3 ‘
=
=
g
| L1
Frequency Frequency \/Frequency

2000
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Phase Variaionwth Hequency

Ht) =dnw +1/3 9n3w +1/5 9n5w

L near Net work

[¢b)
o
2
\ c A
g
=
| Frequency
| 0° — > | | -
Frequenc
equency -180° b \ Freguency
-360°
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Dewv alon fromLinear Phase

Use dectricd ddayto
renmove li near porti on of
phase response

Li near d ectricd leng h

RF filter response added

a 7 (Hectricd dd ay functi on)
o\ \\

Lo AN

< + = |

? AN * / yidds
O~ N

L

o

Fequency Fr equency

Lowresd uion
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Dewv daionfromlinear

phase

H >
a
7N .~
/ AN D =N II —
1/ 0
/ \ oo
/ £
] o

H equency

H ghresd uion
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Q oup Dd ay

H equency)

QG oup Dday (tg) =

d¢ __1 dO@
d W 360° * df

() inrad ang/ sec

(p in degr ees
f inHetz (w=2Tmf)

Net work And yzer Bas cs ':::’ Agllent TECh“OIogies

tg

Qoupddayripde

‘ Aver age dd ay

|

H equency

. group-dd ayripd eind ca es phase d g artion
0 T e . average dd ayind caes decricd lengh o DUT
. aperture d nmeasurenent isveryi nportart
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Q oup

Why Measure Goup Dday?

Phase

Sanme p-p phaseripdecanresutindfferent
group dd ay.
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Char acteri 2 ng Unknown Dewv ces

Usi ng parameters (H Y, Z S to characterize

dewvi ces:
. gveslinear behavad nodd d ow devce
. measure parameters (e g vdtage and curen) versus
frequency under vari ous sour ce and | oad condtions
(e g shot and open drcuts)
. conpute device paraneters from nmeasured dat a

+ Pager 8 H bPerT o NG HAReADY SOYGeARtERRAS
CRAKIRNS, + hoVo 1= yuVi +yi2Ve Vi =zl 1 + zad»
|2 = hail 1 + h22V2 l2=yaVi +y2V2 V2 = zal1 + 22

ﬁ hi1 =V1

l1lv=0 (requires short drcut)

hip =1 . .
V2 li=o (requres open circut)

2000
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Why Use S Paranet ers?

. rdaivdy easytoobta n a hghfrequenaes

. measure vdtage travding waves wth avecta na workK and yzer

. dort need shorts opens wh ch can cause active devcesto osallae
or sdf-destruct

.rdaetofamlia neasurements (gan loss, rdledion coefigert ...)

. can cascade S paanmeteas d mitigedevcestopedd system

perf ar mance

.cancompute H Y, a Zparanetersfrom S paranetersif desred

. can eadlyi MpoLt antfese S pafa nefenditesi ? our dectron ¢

si mul ationtods si11 _{ b2
Refl ect ed O DUt A3 Soo
Port 1 Port 2 || Refl ect ed

Pl . ——= ay
Tr ans mtt ed S12 | na dent

b1= S1121 + S12 @2
b2=Sp1a1 + S22a2

Net work And yzer Basi cs Agilent Technologies copyi i



Measuring S Paranet es

| nd dent S 21 Tr ans nitt ed b
1 3
Zo
S .
For war d Refl edt ed O out P 2-| Load
b, ¢ a=0
S .. . Reflected b,
N — - = a— - p
Incident 1 2=0 S, - _Refleted _ b_2
e _ Transmitted _ b_2 NGaent - a, a; =0
Incident 1 182=0 Transmitted b
Sp = — _1
| ncident > 141 =0
Q=0 = S >b,
Z X 22
o L our H Refl ot ed Rever se
Load
< {do
b, Transnitted S12 | nd dent
Copyri ght
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Equating S Parameters wth Common

Measure nent

er ny

S11 =fawardrdlecion coeffiaet (input natch)
S22 =reverse rdl ection coeffia et (out put mat ch)
S21 =fawardtrans mss on coeffia et (ga nor | 0ss)
S12 =reversetrans mss on coeffia ent (1 sd ati on)

Net work And yzer Basi cs

Re me mber, Sparameters are
| nher entl y co npl ex, li near
guantities -- however, we doten

| expresstheminalog- magnitude

°:::' Agilent Technologies Copyri gt

for mat
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Qitenafor D otion ess Trans nns9 on
Nonli near Networ ks

. Sat uraion crossove,
Ine nodd aion and a her noninear
effects can cause sgnd dgation

. Hfed on systemdepends on anount

/\ andtype d dgation and system
ar;htedue ‘E /\ .

Frequency Frequency

Net work And yzer Basi cs Agilent Technologies copyi i



Measuring Noninear Behav o

Most common neasurements.
. using a net wor k ana yzer and
power sweeps
1 ganconpress on
» AMto PMconverg on
. using a spectrumand yzer +

Sour Ce( S) . . RL 0 dBm ATTEN 10dB 10dB / DIV
» har non cs, particd aly second
andthrd
& modu aion prodyE ng
frn
mt wWo or
r =
LPF
= e e it Mt
CENTER 20.00000 MHz SPAN 10.00 kHz
LPF RB 30Hz VB 30 Hz ST 20sec

Net work And yzer Bas cs ':::’ Agllent TECh“OIogies
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What i1sthe Dfference
Bet ween Net work and
Spectrum And yzers?

Anplitude Ratio

\

F equency

7

Net wor k anal yzers:
. measure conponents,

dew ces,

darcuts, sub-assentlies
. contdansouce andrecda ver
. dsday raioed amplitude and

phase

Measur es ié Measur es
known unknown
g gnd : sggnds

H equency

L Spectrum and yzers:
. measure dgnd amplitude

. can denodu ae (& neasure)

char act eri gics
carrier levd, 9 debands,
har noni cs...)

conplex 9gnds

na v S Bdvanged errar Agilent Technoldgigs’e used fa scd a companent

correcti on

test (no

| D oo | [ 4



Agenda

. What neasurenents dowe nmake
. Net work andyzer hardware
. Bro nodds and cdi lraion

. Exanp e neasurenents
. Append X

Net work And yzer Basics ‘:’:::" Agllent TBCh“OI()gies Copyri ght
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Generdized Network Ana yzer
ock Dagram

| nd dent Tr ans ntt ed

A

I Refl ect ed

$ XX s 9 GNAL X

< SEPARATI ON =

SOURCE

| NG DENT REFLECTED TRANSM TTED
(R (A (B

!
RECH VER/ DETECTOR

PROCESSOR/ D SPLAY

2000
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Source

Suppies gimul us fa system
. Swept frequency o power
. Tradtiondly NAs used separae
source
Most Aglent andyzers sdd
today haveint egrat ed,
synt hesl zed sources

AN

i

ooooooog

2000
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Refl ected

9 gnd Separaion Q o= \:'

SOURCE

SEPARATI ON

EEEEEEEEE TRANSM TTED
mmmmmm (A (B
| RECH VER/ DETECTOR |

$ XX S GNAL $X

- measureinadent 9gnd fa rderence
. separaeinddent and reflecdted sgnd s

sditte ori dge
| | ; x 1
dreciond ('\D Deted o
coup er B (@) Test Port

Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies Copyri ght
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Drectivty

Drectivityis a neasure of how wel a
coud er can separae 9gnd s nov ng

| n opposite diredions

A

(undesired| eakage
sgnd)

|
I I
]

A
I
I
\

(desredrdieded
sgnd)

= Testport

Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies Copyri ght
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Ret urn Loss

Interaction d Drectivitywththe

DUT (Wt hou

DUT RL =40 dB

w
o

60

\ H equency

_'a

Data Mn

Add ou-d-phase
(cancdl &i-on)

Net work And yzer Basi cs

Agilent Technologies

=g ra Correcti on)

Dat a Max

Drectivty

Addinphase

Dredivity

Devi ce

Data = Vector Sum

Copyri ght
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Detect ar Types

Scd a broadband

D ode (no phase
e | rf o neti on)

WWWAMWA —— DC
RF
MWW nJuL AcC

Tuned Recd ver

IF=F ot FRr

N | F Riter
A

Net work And yzer Bas cs ':::’ Agllent TECh“OIogies

W? B e G
>

Ind dernt Trans nitted
?ﬂ} DUT my—=)
Refl et ed \

SOURCE

%_X X S GNAL $_)_(

SEPARATI ON

EEEEEEEEE

— | |

/ | RECH VER/ DETECTOR

/ | PROCESSOR/ D SPLAY |

Vect or
( magntude and
phase)

Copyri ght
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Br oadband D ode Detection

WWWW ¥

. Easy to nake br oadband

. I nexpensi ve conpared totuned reca ver

. Good far neasuri ng frequency-trand ai ng dev ces
. | nprove dynamc range by i ncreas ng power

. Med umsensitivty/ dynamc range

10 MHz ; 26.5 GHz
Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies Copyri ght




Narr owband Detection - Tuned Recd ver

e

. Best sendgtivty/ dynamc range

. Provi des har non ¢/ spurious 9 gnd
rg ection

. | nprove dynamc range by i ncreas ng
power, decreasnglF bandw dth or

} averag ng
. Trade df npsefl oor and
H'Tasure spTd
| _
10 MHz 26.5 GHz

Net work And yzer Basi cs Agilent Technologies copyi i



Conparison d Recda ve Techn ques

Br oadband Narr owband
(d ode) (tuned-recei ver)
0 dB getrecton 0 dB gretectt
I I
I [
-50 dB A ,,/ I -50 dB /'/ k
M i T e A1
Z \
4 L“
-100 dB -100 dB D
-60 dBm Sengitivity <-100 dBm Sensitivity
. h gher nase floar . hhgh dynamc range
. fd seresponses . har nron ci mmunty

Dynamc range = nmaxi mum rece ver power -
rece ver nase fl oor
Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies Copyri ght

2000



Dynamc Range and Accuracy

Error Due to Interfering Signal

100
‘\L\
T
10 ;
‘-\\\ ‘-\\\
=) * \k%\\; T hase errar ]
g S ~." _DynarTncrange
" T = IS veryl nportant
© e ~
= T~ ~ for measurement
O magn error \\\
= 01 ~— ~ accuracy!
— T~
\\
0.01 T~
e \\
0.001

0 5 10 -15 -20 -25 -30 -35 40 45 50 55 60 -65 -70
Interfering signal (dB)
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T RVasus SParaneter Test Sa s

Tr ans m ssi or/ Refl ecti on Test Set S Paraneter Test Set

Source Source : 6
T &
r {" n Transfer swtch

A PRSD.

. RF d ways comes ou port « RF conmes ou pot 1 a port
1 2
. port 2is d ways recea ver . foward and reverse
. response, one-port.cd measurenments
Nt vork i ] @ %% Agilent Technologie§ nort cdi brati on ™o

nnsg He



Processor / Dsplay

Ina dert Trans nitted
Q—? —p
Refl ect ed ‘

SOURCE

X

XX S GNAL
] SEPARATI ON -

1 NG DENT REFLECTED TRANSM TTED
( (A (B

L=

| RECH VER/ DETECTOR

| -
”
PROCESSOR/ D SPLAY | =
CH1 Spg log MAG 10 dB/ REF 0 dB 1_-1.9248 dB
CH2 S1;  log MAG 10 dB/ REF 0 dB 1 -1.2468 dB
839.470 000 MHz

PRm 2
Duplexer Test - Tx-Ant and Ant-Rx

ASS

—<
//

=
N F

. markers
. li rit lines —— H s
. pasg/fal indcators : // |
. linear/logfamats ==~ ] i

' | U T

STOP 925.000 000 MHz

. gidpda/Smth
CH1 START 775.000 000 MHz
C h art S CH2 START 775.000 000 MHz STOP 925.000 000 MHz

I
I
I
I
|
I
|
I
I
I
|
I
|
I
I
I
I

|
I
|
I
I
1

Copyri ght
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lnernd Measurenent Aut onatl on

S npe recdl states
Mor e powerfu:
. Test sequencing
. avalald e on 8753 8720
fannli es
. keystroke record ng
. sone advanced functi ons
. |IBAS C
. avaladeon 8712 famly
. soph gicaed prograns
. customuser interfaces

Net work And yzer Bas cs

| ABCDEFGH JKL MNOPQRSTUVWXYZ0123456789 +-/*=<>() & ", ./ ?;:"

1

1 ASS GN @Hp8714 TO 800

© 0o N o g b~ WN

e e S e e
o U d W N P O

OUTPUT
OUTPUT
OuTPUT
OUTPUT
OuTPUT
OUTPUT
OuTPUT
OuTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
END

@Hp8714"
@Hp8714"
@Hp8714;"
@Hp8714"
@Hp8714;"
@Hp8714"
@Hp8714;"
@Hp8714;"
@Hp8714;"
@Hp8714"
@Hp8714"
@Hp8714;"
@Hp8714"
@Hp8714;"

SYST: PRES *WA"

ABOR:INTL CONT OFF* WA "

D SP: ANN FREQ1L: MODE SSTOP'

D SP: ANN FREQL: MODE CSPAN'
SENS1: FREQ CENT 175000000 HZ* WA "
ABOR:INTL CONT OFF:INTL*WA™"

D SP: WNDL TRAC Y. AUTO ONCE'
CALC1: MARK1 ON'

CALCL MARK FUNC BW D'

SENS2: STAT ON *WA"

SENS2: FUNC' XFR POW RAT 1, 0; DET NBAN *WA"

ABOR:I NTL CONT OFF:I N TL*WA"
D SP: WND2 TRAC Y. AUTO ONCE'
ABOR:I NTL CONT ON*WA"

~i.% Agilent Technologies copyigi
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Adglent’s Saries of HF Vectar And yzers

M cr owave

8720ET ES series sello sales

. 135 20 40 GHz $ 0 Gredn
. economcd hi ghest
. fast, sndl, inegated ) el
. ;erftpsmxers, H gh-power . moglu =
flexde
. puse systens
________________________________________________________ TXLB nodue ___
RF tes
8753ET/ ES
8712ET/ ES series series
.13 3GHz 3 6 GHz
. lowcost h ghest RF
. narrowband and accur acy
br oadband . flexlde
det ecti on har dwar e
. |BAS C/ LAN . morefeaues
Net wor k Andl yzer Basi cs iz Agilent Technologies - Ufse,and

har mont® RF

(«lYVaYa) glad



Aglen’sLH RF Vectar And yzers

Co mbi nati on NA/ SA

4395A 4396B

. 500 MHz (4395A), 18 GHz (4396B)
. 1 npedance- measuri ng opti on

. fadt, FFT-based spectrumand yss

. ti ne-ga ed spectrum and yzer option
. IBAS C

. Standardtest fixures

E5100A B

. 180, 300 MHz

. economcd

. fast, sndl

. tage nmarkets crystds resonaors, filters
. equvden-arcut nodds

. evapor ai on nonita-f uncti on opti on

LF

Net work And yzer Basi cs "‘_’:.:'_‘“ Agllent TECh“OIogles COp)giO%%



Spectrum And yzer / Track ng Genera o

RFin |
NN - |y
7 J\ ol il
|F ii. :i“tib N
(o) !:EB:JE;H
LO ) = 28883 [
DUT @ ococo @
(I ‘ 8a8 a |)
Spectrum analyzer O eo@e® 568 &
| S— —
TG out
’Z
=R~
f=IF . —L_our P
Tracking generator

Key dfferences from net wor k and yzer:

. one channd -- noraioed o phase neasurements

. Mor e expensivethan scd a NA (bu bette dynanmc range)

. Only era carection avaladeis nor nali zati on (and possdy
open-short averag ng)

. Poorer accuracy

- Smell incrementd cost if SAisrequredfa ather neasurements

Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies Copyri ght
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. What neasurenents do
we nake?
Net wor k and yzer
har dwar e
BEro nodds and

Exanp e neasurenents

Append X
Why do we even need error-correcti on and

cdi brai on?

. Itisi nposs bleto make perfedt hardware
. It wod d be extrend y expensiveto nake
har dwar e

Net work And yzer Basi cs ‘:’:::" Aglle“t TeChn(]Iogies

Copyri ght
2000



Cali lraion Top cs

. What neasurenments do we
make?
. Net work and yzer hardwar e
. Bro nodds and cdi brati on
. Mmeasurenent eraos

. Wwhat Isvector era
correcti on?

. cdibrdaiontypes
. accuracy exanm es
. cdilraion cons der @i ons

2000

Net vk And yzer Basics iz Agilent Technologies Copyig



Measurenent Bra Mdding

Systematic errors
. duetoi nperfectionsinthe and yzer andtest se up
. assumedtobeti neinvariant (reddalde
Randomerrors
. vary wthti neinrandomfashon (unpred ¢ ad e
x . mai n cortribuors: instrunent na se swtchand
connect or repeat ability

Drift errors
y . dueto systemperfa mance chang ng after a cdibraion
has been done

. pri paril 7
bl et cal Errors:
SYSTEMATI C
RANDO

Measur ed
Dat a M Devi ce

DR F
\ —a

Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies Copyri ght
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Systematic Measurenent BHras

Dredl\/lty e e
\
QL) ' '
DUT —-
Fr equency response
. refledtiontracking (AR Source Load

. transmss ontracking (B R M s et ch M s et ch

Sxfoward and s xreverse eror
terms ydds 12 eror ter ns for t wo-
.i. port dewvces
Net work And yzer Bas cs ':.:’ Agllent TECh“OIogies Copyri grt

2000



Types o Hra Correcti on

. response (nor melizati on)
. S npetopeaform
. onycoreasfatrackng eras
. staesrderencetraceinme nory, thru
then does daa dvided by me nory
. vector
. requres nore standards
. requres an and yzer tha can neasure phase
. accountsfa dl ng o sources o sysenstic era

!

| SHORT h
Slla IE,:‘ thru
Sllm | LOAD h

Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies Copyri ght
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What isVectoa-Bra Correcion?

. Process o characteriang systenstic eror ter ns

. measur e known standar ds
. renove dfeds fromsubsequent neasurements
. 1-port cdibrati on (refl edion measurements)
.ony 3sysendic eratams neasured
. drectivity, source natch, and refl ectiontrack ng
. Full 2-port cdi brati on (refl eci on and trans mss on
measurenents)
. 12 systenstic ara ter ns measured
. usudlyregures 12 neasurements onfour known
standards (SOLT)
. Sandards definedincd kit defi ntionfile
. net work andyzer contans sandard cd kit defi ntions
.CAL KTDEANT ON MUST MATCH ACTUAL CAL

KI T USED »
N I8 SRV TE St andlar ds nuéﬁ'b"é"cm‘él&ml%d and

At ~AA A A LIcAr A lat




Refl eccion (nhe-Pot Modd

: Error Adapter
RF 1IN | ded ) | ———————
> RFInN : 1 |
> > | Ep = Dredivity
S11, ¥ : YE, E. A 1 Y Si1, Err = Refl edtiontrack ng
: Es = Source Match
S11 — Si1y, ! < '
) : e I S11,, = Measured
I
—— === S11, = Actud
To sdvefor error ter ns,
we nmeasure 3 standar ds Siim= Ep+ S11A
to generate 3 equati ons ERT 1- Es Su1

and 3 unknowns

. Assunes goodter nnnaiona pot twoif testingtwo port dev ces
. Ifuang pot 2 NA and DUT reverseisdaionislow(eg., filter passband):
assunmption of goodter mnationis na vdid
. two-pot era coredion el ds better results
Net work And yzer Basics ':::’ Agllent TECh“OIogies Copyri grt

2000



Bef ore and Ate One- Port CAi lration

0
= 20
) dat a bef are 1- port _
cdibration -
20 A
(1) / - 11
2 E
7] -
S - =
p _ 0
c 40 - — <
; V - 101
o _ \ o
dat a ster 1-port E
60 - cdilraion _
— 1 001
6000 12000

MHz

2000
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Two- Port Bra Correcti on

For ver d modd Reverse nodd

Port 1 Port 2
> : : ErT
Port 1 Ex Port 2 |
' > ' | | | >
= Es : > : S 5z |8 ™8 &2
E Su, S I
<bl_ D | 1, 224 | £ ai— '
ErT S12,, .
o 4
Ep =fwd directivity EL =fwdload match Sllm By Som=Ep' - Sim- X\,512m ')
Es = fwd source match Err = fwd transmission tracking Sya = ERT Err’ ©° 5 Err Eqy’
Err = fwd reflection tracking Ex =fwd isolation 1+ Sl]!él'ED Eq)1+ SzzE ED oy g g (AT x\,Sler Ex’,
Ep = rev directivity EL =revload match KT KT Tr o
Es =rev source match Evr = rev transmission tracking (S2mEx | Som=Ep’ o .
Err = rev reflection tracking Ex =revisolation Sy1a = E1—r R
@+ Sl“;‘R_TED Eg)(1+ SZZQRT. D Eg)-E'E, ( Szjmﬂ X"SlZETT X,
. Each actud Sparaneterisa
. -Ey' -E
funcion o dl four measured 22010 (g -k )
S paranet ers S12a s 2~ Ep gy, SomTEp g g S2am T Ex ) Siom “Ex)
Err © Err 0 © 5 Em U Epr
. And yzer nust make fa ward
and reverse sweep to updat e
any one S paramet e
. Luckly, you don't needto know

o’ Q.?Sszzzr ;?ts,' onsto use _’3? V‘q\Ellent Technologies copyt gt



G osstdk 3Sgnd Leakage
Bet ween Test Ports During

. Can He @RSHBSH@N >
. hightisd aion devices (eg., swtchinopen posi@u#a_@
I
A

. hhgh-dynamc range deuvces (sone filte
st opbands)
. Isd a@ion cdibraion
. adds naseto era nodel ( measuri ng near na se

floor d system

. ony pefa mif redly needed (use averag ngif
necessary)

. If aosstd kisinde et ch, usetwo

ter nnnati ons
. If dependent on I

Net work And yzer Basi cs Agilent Technologies copyigi



Broas and Cdi braion Sandards

UNCORRECTED RESPONSE 1- PORT
FULL 2- PORT
SO m SHORT Wm!. ﬂﬂﬂm SHORT
o u (el OPEN OPEN
thru — i
. Conven en Lol LOAD LOAD
. Generdly na Jm Jm R
= IE0Gl =
accurae
. No erasrenoved ll
. Easy to perfam thru
. Use when h ghest For refl edi
accuracyis na - ForT ron -
reqLiredy measurenments ..
Re moves . Need goodter mmnaionfar
) frequency hi gh accuracy vit htwo- - H ghest accuracy
kegpigs = port devi ces . Renmoves these
. Renovesthese erors: aras
ENHANCED RESPONSE Dredtivity Dredtivty
_ Source met ch Source, | oad
. Conbi nes response and 1- port o Refl edti on tracki ng mat ch
. Corrects source matchfa transmsdg on Refl ecti on tracki ng
measurenents Transmsdg on
track ng

Net work And yzer Basi cs ‘:’:::" Agllent TeChn()Iogies @@%{%gd K




Callraion Summary

. Test Set (cd type) SHORT
Refl ecti on
TR Spaanete
(one-port) — (FiE OPEN I

. Refl ecti ontrackingqf Qf

. Drectivity Ve Va LOAD I

. Source nutch Qf

. Load mat ch @

Test Set (cd type)
Trans ni ssion TR  Spaans

- N (response, isd ationft Wo- port

Q/ error can be corrected
. Trans mssi on Tracki ng Qf

@ error cannot be correct ed
. Qosstdk Qf

SSSNS

Q/ * enhanced response cd careds v
for source natch during . Source natch ( )
transmss on neasurenents
L ) . Load nmatch

Net work Andlyzer Basics Agilent Technologies copyigi



Refl ection Exanmpl e Wsing a One- Port (A4

|8 [——]
5838, ~ o 8
AY Eg CJC]C][] <::> O Eg
0O goo O L.()Ei(j
o Hlo oo ooo h
5|8 5o oo mat ¢ Re me nber: convert dl dB
P P 18 dB vd ues tolinear far
. | (.126) uncertany cé@t} aiong!
D rectivity: | ! DUT e =0
40 dB(.010) | 16 dB RL (. 159)
/' \ 1 dBloss (.891)
<+
|
|
158 <—J'\___~: Measurenment uncertany:.
€= — = — = — R -20* 1 og (. 158 +.100 +.010)

=11 4 dB(-46dB

-20* 1 og (. 158 - . 100 - . 010)
= 26.4 dB(+10.4 dB

(.891)(. 126)(. 891) =.100

Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies Copyri ght
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Using aOne- Port CA +

O [—] Measur e ment
a|fooo o uncertany:
355580 O 8 -20* 1 0g (. 158 +
° Hlo oo oog .039)
2 S Load
£ 5% N mecch =141 dB(-19 dB
18 dB
N | ! 126) dB atenuat or =18 5dB(+2.5dB
Orectivity. (.316) SWR =
40 dB(.010 10
(<_)/1 \ : ]'5_5[9%4)
: s 1 16 dB RL (. 158)
' | 1dBloss (.891
158 4—JI\\__:__ -- ! (-89
4 ________ - I . - . .
(-891)(. 316)(. 126)(. 316)(. 891) =.0%0 Low| oss hbi-directiond devices
- == — - === = g generdlyrequiretwo- port

(.891)(. 024)(. 891) =.019 Al br i on

Wrst-case eror =.010 +.010 +.019 =. 08¢y | ow nmeasurenent uncertany

Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies Copyri ght
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Transmss on Exanp e Us ng Response

- o - e o o .y

~
@ -2 —3» RL =18 dB(.126)

RL = 14 dB(. 200)

Thru cdilraion (nor ndizaion) bulds erao
Into neasurenent dueto source and | oad

mat ch i nt er acti on
Cahi bratt| on

Uncertany
=(1+ psp)

(1 £ (. 200)(. 126)
+ 022 dB

Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies Copyri ght
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Hitea Measurement wth Response CA

DUT
Source match 1 dBloss (.891) Load et ch
= 16 dB RL (. 158
14 dB (. 200) (- 158) ~ 18 dB
N, (128 p 1
= ~ - ~ \y
O\~
| /1,-—~—"
S emmmm—m—— == - {  (.126)(.158) =.020
P / ===
/ \ (.126)(. 891)(. 200)(. 891) =.020
| N e e e e e e e e e e = = =
\
N o e e e e e e e e e e e e e e e e o o o o — _>
(.158)(. 200) =. 032
Totd measurenent Measurenment uncertary
uncertany:. =1 +(. 020+ 020+ 032)
+.60+022 =+082 =1+.072
=+ 060 dB
065 - 022 =.-.087 -0650dB

Net yr[BAnd yzer Basics Agilent Technologies Copyrigit
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Measuring And ifieas wth a Response Cd

DUT
Source et ch 16 dB RL
- 14 dB (. 200) 159 tofg i h
D)— e
~
\ )
1 -
- - < / -
’ \ (-126)(.158 =.020
I S
\\ ______________________ _>
(. 158)(. 2000 =.032
Measurenment uncertany
Totd neasurement =1 +(. 020+ 032)
uncertany:. =1+.052
+H44 + 022 =+066 =+044 dB

- 046 dB

-Q46 - 022 =-:.068
Wtk And yzer Basics %% Agilent Technologies Copyr it



Hiter Measurements
us ngthe Enhanced
Response Cdibrdion

Cali bration Uncerta ity

Ef ecti ve source nmatch = 1+ p o
35 dB E(l+
DUT (.01798)(. 126)
Sour ce 1 dBloss (.89)) :
mat ch = 35 16 dB RL (. 158) Load

@178) mat ch =
\ H% 1
,\I ~ \l \' (.126) /\

7 —
. _7 o= \ ~(._126)(. 158) =.020
" \ (. 126)(. 891)(. 0178)(.891) =.0018
W o e e e e e e e e o o o —
\\ (.158)(.0178) =.0028

Net work And yzer Bas cs ':::’ Agllent TECh“OIogies

Measurenment uncertarny
=1 +(. 020+ 0018+ 0028)
=1+.0246
=+0211 dB

- 0216 dB

Totd neasurement
uncertanty:

Copyri ght
2000



Usi ngthe Enhanced Response
Calilraion Rus an Atenuat or

10 dB atenua or (. 316) Cali bration Uncertamty
SWR = 105 (. 024 linear o 32 4 1 £ps0)
ABN yzer oad netch =18 dB (. 126) =(1+

(.0178)(. 0366)

DUT
Source natch 1 dBloss (.891)
- 35 dB 16 dB RL (. 158 Hfectivel oad netch =(.316)(. 316)(. 126) +.024
ARO) =.0366 (28 7dB)
- :—FP
Ay— —/ l S — 1
) N - Measurenent uncertarty
!/ e e e m = - 77 (0366)(.158 =.006  =1=(.006+ 0005+ 0028)
-=" 7 S =1 +.0093
,’ ‘L (.0366)(. 891)(.0178)(.891) =.0005 ==+ 008 dB
‘. (.158)(.0178) =.0028

Totd neasurement
uncertanty:

Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies . Copyri ght
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Cal cd aing I\/basuremsnt

Uncertanty Ate a ot -
Cdi bor aion _\ 1 dBl oss (. 891)

e

16 dB RL (. 158)

Corrected error ter ns:
(8753ES 1 33 GHz Type- N

Dredivity = 4%

dB Refl ection uncertany

Source metch= 36 dB ,

Ia%ad et ch = 41 S11m = S11a i(ED +Slla ES +SZla812aEL +Slla(1_ERT))

Refl. tracking =  .019 = 0158 = (.0045 + 0.158°*.0158 +0.891°* .0045 +0.158* 0022)
B =(0.158 + .0088 = 16 dB +0.53 dB, -0.44 dB (wor st-case)

Trans. track ng =

.026 dB
| sc

Trans mssi on uncertany

SZlm = SZla * SZla(EI / S21a + Slla ES + SZlaSlZa ESEL t S22a EL +(1 = E‘I‘I’ ))
= 0891+ 0.891(10°° / 0891 + 0158*.0158 + 0.891%* .0158* .0045 +0.158* .0045 +.003)
= 0.891 £ .0056=1dB £0.05dB (worst-case)

Net work Andlyzer Basics Agilent Technologies copyigi



Response versus Two- Port CAi bréion

Measuri ng filter i nsertion | oss

CHL Sp1&M log MAG 1 dB REF 0dB

CH2 MEM log MVAG  1dB REF 0dB
ea

Cor /’-@Bﬁﬂf
AR

"\‘r-ﬁftertv\&port cdilraion

/14

/

1 After response cdi braion

W\J‘\AA
’ Uncorrected
Cor
x2 1 2
START 2 000,000 MHz STOP 6 000.000 MHz
Net wor k Andl yzer Basics iz Agilent Technologies Copyig



ECA: Hectron c Cali lraion (85060/ 90

sl es)
. Varigy d nodu es cover 30 kHzt026.5
GHz
. 3 x connector types availald e (50 Q and
75 Q
. 3 nd e-connecti on
. reduces cdibraionti ne
. makes cdilraions easy to pefa m
. mn nzes wear on cad es and
st andar ds
. dimnaes operaa eras

L

0

conpgnsat efl t e nnai prov de M crowave nodules use a
trans msdg onli ne shurt ed by
excd |£I’t acﬂljr acy J__ A N d ode swtches in vari ous

conh nati ons

2000

Net wor k Andl yzer Basi cs iz Agilent Technologies Copyrigit



Adap er
Consl.derdions. ...

adapt er
| eakage sgnd \ /
pmeasured = Drectiuty + pdapter + pDUT

RN '
— —_— x___"*Ad i nai
e ———————— 1| Adapter J] put [_Ternmnaion| DUT has SMA (f) connectars
‘L APG 7 cdi braion done here

Wor st-case
System Drediwty Adaptingfrom APG 7 to SMA
(m AN
- A

28 dB %}m] APG 7to SMA ()
SWR 106
APG 7to N(f) + N(m) to SMA ()
17 dB [%H%ﬂ)ﬂ SWR 105 SWR 125

APG 7to N(m) + N(f) to SMA (f) + SMA () to ()
SWR 105 SWR 125 SWR 115

14 dB

Net work Andlyzer Basics Agilent Technologies copyigi



Cailraing NonInsertade

Dew ces
When da ngathrough cd, nor mall ytest ports
mat e drectly
. cald es can be connect ed drectly% - —
adapt er
. resudtis azeroleng hthrough
What is aninsertad e device?
. has sane type o connectar, bu dfferent sex on
each port
. has sane type d sex ess connecta on each
port (e g APC-7) DUT
What is a non-i nsertad e devi ce?
. onetha canna beinsetedindace d azero
lengt hthrough
. has sane connectars on each port (type and
sex)
. has dffeaen type d connecta on each port

(eq, V\avegu de on one port, coaxid on
Net vork e Vet ) -%.% Agilent Technologies Copyr g

2000
What dibhration ha es dnl have f or non-




Swap

Port 1 | DUT
A. Ot €
Port 1 ﬂ Port 2

Adapt e
B

Port 1

g

—qua Adapt ers Met hod

Accuracy depends on how well

EP"” & the adapters are et ched - | oss,
e ectricd length, match and

| npedance shoul d dl be equa

1 Transmssoncd udng adapter A

f;:| Port 2 2. Reflection cd ug ng adali e B

Port 1

] outr [

.AdaBptef,EI Port 2 3. Measwure DUT us ng adapter B

Net work And yzer Bas cs

2000

°:::' Agilent Technologies Copyri gt



Adapt e Re noval CAilration

. Cdilraionisvery accura e andtraceal e

. Infirmnare o 8753, 8720 and 8510 seri es
. A'so acconplished with ECal nodu es (85060 F.’Oft; 1::’ -
. Uses adapter wth sane connectars as DUT

. Must spedfy eledricd lengh d adapter towthn
1/ 4 wavd engh o h ghest frequency (toava d
phase ant guity)

Port 1::| :j Adga'terE:Adapt ef::|Port 2 1 Peafom2pot cd wth adapter on pot 2
| i B Saveincd se 1
Cal Set 1
Port 1|‘:| Adgz't er‘:: d‘Adapt er::'port 2 2 Pafam2pot cd wth adapter on port L
B Saveincd se 2
Ca Set 2
[CAL [ MORH [ MOD FY CAL SET] 3. Wse ADAPTER REMOVAL
[ADAPTER REMOVAL] to generae newcd se.
1
Port 1 | DUT AdaBpt e:]Port 2 4. Measure DUT wthou cd adapt er.

Net work And yzer Bas cs

Agilent Technologies

Copyri ght
2000
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Thr u- Refl eat-Li ne (TRL) Cali bration

We know about Short- Qoen-Load Thru (SOLT) cdilraion..
What is TRL?
. Atwo-port cdibraiontechnque
. Goodfa noncoax d envronments (wavegu de,
fixues, wafer proh ng)
. Usesthe same 12-ter merror nodd asthe nore
comnmon SOLT cd
- Uses pradticd cdibraion sandardsth TR was deve oped far non-
ae eadlyfabricaed and char
. Two variagions. TRL (requres 4recd
and TRL* (onythree reca vers needed)
. Q her vai aions. L ne- Refl ect- Match (LRM),

coaxid nmmcrowave

Refl ect- RN, O many d hers
© ©®) O O o]l @ [O
== = ===
@) O O @) | © O
| oo | e om | [O— 1o

Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies Copyri ght
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Agenda

. What neasurenents dowe nake
. Net work andyzer har dware
. Bro nodds and cdi braion

. Exanp e neasurenents
. Append x

Net vk And yzer Basics iz Agilent Technologies Copyig
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H equency Sweep - Rlta Test

CHl1g21  logMAG 10dB/ REF 0dB CH1 Sy log MAG

5dB/

REF 0dB

Cor /

||| e91d8 || S opba .

\

7
, n
| '\ | ' | '
START 300 000 MHz STOP 400.000 000 MHz CENTER 200,000 MHz
CH1S»1 logMAG  1dB/ REF 0dB
[ ]
Cor —_—
il 4ﬁ000 GHz |- \
:Tt;—\;(;:JZ 14% 234 GHz \
0.00 dB
ref 2
. or
| nsertionl os§
X2 1 1 2
START 2 000.000 MHz STOP 6 000.000 MHz

Net work And yzer Basi cs "‘:’:.:':‘“ Agllent TeChn()Iogies

SPAN 50.000 MHz

Ret urnl oss

Copyri ght
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Opti mze RHiter Measurenents wth
vaea'ng I\/Dde Segment 3: 29 ms

(108 points, -10 dBm, 6000 Hz)
CH1 Sp1 log MAG 12dB/ REFO0dB

PRm| 2 A 1
fi-

i near sweep: 676 / \\ f}n\;vept-llst sweep: 349
— i 200 @S vaiade BWS &
(201 s 300Hz, -10 / \ S‘ov nl,rf ?’PASS
dBm P )

NN/ )
M bttt A J | A4 Segment5: 129 ms
Segment 1: 87 ms d /\AM y/ \7(\ e NWAWW\ / (38 points, +10 dBm, 300 Hz)

(25 points, +10 dBm, 300 Hz) -

o T | ] ' e = P
\\\\\\\\\ i ﬂ’/ fff’ VLy\/V"W A n (l\nm\ —
= WWVH AT

START 525.000000MHz | |  STOP 1 275.000 000 MHz

\
I A‘//
—

Segments 2,4: 52 ms
(15 points, +10 dBm, 300 Hz)

Net work And yzer Basi cs "‘_’:.:'_‘“ Agllent TeChI]OIogies Copyzrio%r;



Power Sneeps - Co npress on

Out put Power (dBn)

Sat ur & ed ou put

}Mﬁr

p Co npr ess on

reg on
Li near reg on
(dope =snul-signd gan)

Net wor k And yzer Basics

lnpu Power (dBnN)

Agilent Technologies

Copyri ght
2000



Power Swveep - Gal n Compr esson

CHL S21 1log

MAG 1dB REF 32 dB 30991 dB
12 3 dBm

. A A
Wl NI NN | WA A W

START -10 dBm

Net work And yzer Bas cs

CW902 7 MHz STOP 15 dBm

Agilent Technologies

1 dB
CO mpr essi on:
| npu power
resdtinginl dB
dropingan

Copyri ght
2000



AMto PM Converd on

Measure of phase deviati on caused by

A r I . AMcan be undesired
?dng /_\@\/\/ Mag( Am supd yripd e fad ng ther nd
___v)_r_ . AM can be desired
ISP 3 b modu dion(eg QAN
PM

(deg)
" v
Test Si mius i me ,
Anplitude
} i
?dl\g /\/\/\/ Nfg(ANL
AM- PM Convers on ) f_
~  Mag(Pm 1
degdl I N/ AN\ TN\
Mag(Am é)egl PM
- (deg) '\;BQ(P"L |
"} AMto PM
Out put Ti e conversi on can
Response cause bt erors

Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies Copyri ght
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Measuring AMto PM Converd on

> 1 Trans mss on Log Mag 10dB Ref 2150 dB
»2 Transmsson /M Phase 50 deg Ref -115 7 deg
Chi: Marl  -450 dBm
203882 100 dB
0. 86 deg

2/

[~
AP AN A

Sat -1000 dBm
Sat -1000 dBm

N
N

Sop 000 dBm
Sop 000 dBm

CW900. 000 MHz
CW900. 000 MHz

Net work And yzer Bas cs ':::’ Agllent TECh“OIogies

. Use trans mss on set up
wth a power sweep

. Dsday phase d 21

. AM- PM=086 deg dB

Copyri ght
2000



Agenda

. What neasurements do we make?
Net wor k and yzer har dwar e
Era nodds and cdilraion
. Exanp e neasurenents
. Append X
Advanced Top cs
ti me donma n
frequency-trand ati ng dev ces
h gh- power anpifiers
ext ended dynannc range
mul ti port devi ces
Iinfixue neasurenents
crystd resona as
bd anced dfferentid

|nd de the net work and yzer
Chdlenge qu Z

...
Net work And yzer Basics B

-~ Agilent Technologies copyig

-t 2000



T me- Domal n Reflecdonetry (TDR)

. What is TDR?
. time-doma nrdlecdonetry
. and yzei npedance versus ti nme
. d gingu sh bet ween i nducti ve and
capadtive transti ons
. Wth gaing

4 . and yze trangti ons o
and yzer g andards | nductive
Q . transiti o™~ \
O
c
‘?‘j Z0 - - oo ->
a ti me
= capadtive —"" /
trangti on L
\/ non- Zo trans msg online

2000
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TDR Basics Wsng a Net work And yzer

. stat wth broadband frequency sweep (dtenrequres nncrowave VN
. useinverse- Fourier transfamto conputeti me-donma n
. resd uioninversdy proportiona etofrequency span

Ti me Domai n Frequency Domai n
A A
(J — CH1l S22 Re 50U REFOU
1 (Fl = :
|
Cor 20 G\HZ
\J A |6 G
M/
e R e - L

CH1 START Os STOP 15ns

Net work And yzer Basi cs ‘_’:.:" Agllent TeChI]OIogies COp)gio%%



T me- Domal n Gating

. TDR and gaing canrenove undesredrefledions (afam of
errar correction)

. Only usef U fa broadband devices (aload a thrufa exanpl e

. Define gateto olyind ude DUT

. USGtV\D-pG"[ cdibraion CH1 S11&Mlog MAG 5d8 REF0dB

[Aa]
PRm .
Cor i ‘>\<\\
! N
CH1L MEM Re 20mJ REFOU & PREEDY ST NP &
E,E | | | Gat L =40 115U U Ia(
e GHz
E;m 1 48 729 mU 61|’>8 ps 4 -12. /0 UD QUUU
R SE T ME ! ! V GHz
20,094 ps 2 24,961 MU 668 ps_ \
8992 mm L* 3 -10.891 nmU 721 ps / \

3A

I |
Thruinfrequency

IThr}Jintlimaldomla\in— /%I domain wth and

- | vt o Ll- o | |
START .050 000 000 GHz —~ 9o /™9 STOP 20,050 000 000 GHz

CH1 START Os STOP 15ns

2000
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Ten Sepsfa Pafa mng TDR

1 Sa up desired frequency range (need wde span fa good
spati d resd uti on)
2. Under SYSTEM transfa m nenu, press "set freql ow
pass”
3. Pafa mone or t wo-port cdi lrati on
4 Sdeda Sl1 neasurenent *
5 Turn ontransfor m(l ow pass step) *
6. St far et tored *
7. Ad ust transfam w ndowtotrade df riseti ne Wth'N
and overshoa *
8 Adust gat and stopti nesif desred
9. For gaing
. Set dat and sopfrequendesfa gae
. tungaing on*
. ad ust ga e shapetotrade df resd uion wthripde *
10. To dsd ay gatedresponseinfrequency dona n
* Ik uhungWaﬂﬁdes(ﬁ/eﬂﬁaVﬁJ@&l)ngwm)ﬁéraneters must be set

-----

Net work And yzer Basi cs Agllent Technologies Copyr it



Cor

T me- Domal n Trans nssion

RF | nput

RF Qut put

Mai n Wave

Leakage

Trige
Tr avd
CHL 21 log MAG 10 dB REF 0dB
Gat e df
Gat e on

Net wor k And yzer Basics

CHL S21 log MAG

15dB REFO0dB

Surf ace
Wave
. RF Tride |
Le:i\kage Tr avd
O
START -1 us STOP 6 us

Agilent Technologies

Copyri ght
2000




Ti me- Domai n Rlter Tun ng

. Det er mn gicmet hod used
fa tun ng cavity-resona o
filters

. Tradtiond frequency-
doma ntunngis vey
d ffi cdt:
. lds d tranng needed

. may take 20to 90
mnues totune a
g ngd efilter
. Need VNA wthfast sweep
Speeds and fast ti e
L domai n process ng
Net wor k And yzer Basics ~&.2 Agilent Technologies Copyr it




Hita Reflecdionin T ne Do mal n

1 Jul 1925 11:11:08

7
O o o —
T / 17 . . Set and yzer's cent er frequency
‘ Uf o = center frequency d thefilter
= | - Measwes, o Syinthetime
BT e 2 ser o donsi n
PRm E— | . . .
. = ; - Nullsinthetime- donmai nresponse
. - : carespond toind\idud resonat ors
/ infilter

Net work And yzer Basi cs Agilent Technologies copyigi



Tun ng Resona or #3

1 Jul 1928 11:13:43

CHL Sqq log MAG I &~ REF -30 dB Zi1-5.2498 dB
a S~ 81.44 ns
/
FR
ALY \ Gl
v / U W
A il \ /
| | v N
‘ /
/ Y
I T
1
CHL START-40 ns STOP 260
CH2 Sq4 log MAB 2 dB~ REF -2 dB
PRm Pl |
\/
[oic I

CHz CEMTER 2 410.000 000 MH=z

Net work And yzer Bas cs

SPAM S0. 000 000 MHz

Eas e toidentify mst uned

resona o Inti me-domain

nul #3 is nss ng

Hardtotdl wichresonaoris

m st uned from frequency-

doma nresponse

Ad ust resonatas by mn mang

nul

Ad ust couding apertures us ng
the peaksin bet ween

the d ps

=% Agilent Technologies copyi



m

H equency- Trand di ng Dewv ces

Med umdynanmc range

Nnacliironmnt c (268 AR

FREQ OFFS
ON df

8753ES

LO
MENU

.| Ref In

DOWN
CONVERTER

on

— — Flter
I‘ ‘I UpP
L1

CONVERTER

AMA~ Atenuaa Atenuaa -MA~
RF > LO

RF < LO
Sat: 900 MHz Sat: 100 M-z
Sop 650 Mz Sop 350 Mz

M EW
MEASURE

Fixed LO 1 GHz

LO power: 13 dBm
RETURN

— CH1 CONV MEAS log MAG 10 dB/ REF 10 dB
v

—

—
| —

L —

Al

Vi

—
=1

W

STOP 660.000 000 MHz

START 640.000 000 MHz

Net work And yzer Bas cs

H gh-dynamc range neasurements

(100 dB)

nuat

8753ES
i [°
= 5 Ref ou
o 4 e 1° Ref erence
Ref in m xer
—5—
Riter  Atenuaor
A~
DUT Atenua or
P
ESG D4000A
9 5 ) spitt
2| [T e
o |5 = ®
Copyri ght
2000
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H gh- Power Andifias

8753ES e

iU

1
0000 oooo

Source

Ref In %ﬂﬂ—'\/)ﬂ/\-—

b

(pEbey
S ———

+43 dBm maxinpu (20 wettd)

8720ES Opti on 085

85118A Hi gh- Power
Anpifier Test System

Net work And yzer Basics ‘:’:::" Agllent TBCh“OI()gies Copyri ght
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H gh- Dynamc Range
Measure ments::

PRm

gor
\;
10 g

PRm

S andar ? 8753ES

. —— e
. WW \ W

8753ES Specid Opti on H16

CH1 START 775.000 000 MHz STOP 1000. 000 000 MHz
CH2 START 775.000 000 MHz STOP 1000.000 000 MHz
Net work And yzer Basics T el Agllent TeChn()Iogles

Copyri ght
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Multi part Devi ce Test

Mul ti part andyzers andtest sas

. Inprovethroughput by reduda ngthe
nunber d connectionstoDUTs wth
mor e thantwo ports

. dlows mutaneous vewng d two
pahs  (goodfa tuning dud exers)

. indude nechancd a sdid-stae

m E 5 IQZEL - w_ reom 'Zi:ii:zm SWi CheS, 50 o 75 ohns
s N . degrade_ ravyperfor mance so
/ I \ caibrationis a nmust (use two port
[ \ \F* -
y T cds whenever poss  €)
NC A VAT WC and custommulti port andyzers and
;::;mmx:;W b/ ST Emm: ted ses

Net work And yzer Basi cs ‘_’:::" Agllent TeChI]OIogies COp)gio%%



87050H87075C S andard Mitipat Test Sets

oooooooo

Once a nont h:
perfa ma Test Set Cal wth
externd gandardstorenove

systendtic erasinthe

anay toct ot ocaHac  and
aftax _yl_u, e ST, Caa TS, ara

fixue

For use wth 8712Efanily o

standards toremnmove

50 Q2 3 MHzto22 GHz, 4 8§ o 12 ports systenstic erasinthe

anadvizor anAt Ak oot
araryZCl— ar i teSr St

/5 Q 3 MHztol3 GHz, 6 o 12 ports
Test S (A and SAf CA dandticdlyi nprove
cdilbraiontimes

Systens dfer fLJIyLspecm ed pafa mance a test

N wgr)[gna yzer Basics =5 Agilent Technologies Copyr gt



Test Sa&¢ G4 Him na es
Redundant Connections d
Cailbraion 8§ andards

Refl ecti on Connecti ons Through Connecti ons
12-port | | 12-port |
8-port i 8-port |
4-port h 4-port 5

0O 100 200 300 400 0 o5 50 75
Test Set CA

Tradtiond WA Cdibraion

Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies Copyri ght
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IR X ue Measurenents

Measurenent problem coax d
cdibraion daneis na the sane asthe
Infixue neasurenent dane

Cali br ai on Measur e ment
d ane d ane

Er : . Loss

Ero corectionwth coax d cdibraion . Phase shift
. Nisnat ch

Net vork And yzer Basics --_j::?Z:;-~ Agilent Technologies copyrgi




Characteriang Qystd Resonaors/ Rlters

[+

o
Chl  z R phase 40 /REF 0 1 15621 U

ES5100A B Networ k And yzer

START 31995 MHz STOP 32 058 MHz

SEG START STOP  PONTS POWER IFBW

1 31995 MHz 32008 MHz 200 0 dBm 200Hz
>2 32052 Mz 32 058 MHz 200 0 dBm 200Hz
END

Exanple d aystd resona o
measur enent

2000
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Bd anced- Dev ce Measurenents

. ATN- 4000 series (4 port test set + soft ware)

. measuretough 9 ng ed-ended deuvces like coupl ers

- measurefully-bad anced or s ng e-ended-t o-bal anced DUTs
. charact erize node conversons (eg comnon-to-dfferentid)

. Incorporaes 4 port error correction fa excepti ond accuracy
- works wth8753ES and 8720ES and yzers

.moreirfoda www a nmicrowave. co

N -

Channd Part ner

Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies Copyri ght



Tradtiond Scdar Andyz

Ina dert Trans nitted
‘7&» pa—
Refl ec ed \

SOURCE

% XX S GNAL $_)_(

SEPARATI ON

EEEEEEEE

processor/ dsg ay e L2

| RECH VER/ DETECTOR

S O ur C e | PROCESISOR/ D SPLAY |

Exanple 87570 E
. requres externd daectas coupes lridges, sdittas

. goodfa lowcost maowave scd a apdi cai ons

DO Ooooo @
oo ooooo
00O OOoOooO =

g 000000

00 Ooooo @ Dooao [= =]
oo ooooo ooooo a

00 OOoapo @ Dooao
ooooo

oooooooo

O

O 000000

Refl ecti on [O= Ter ninaion
B Trans mssi on
%.2 Agilent Technologies oo

Net work And yzer Basics See,



Dreciond Coud e Drectivty

50 dB T ' 20dB
$
)
A
50dB , . '\ 30dB
e $
—

——————

______

Net work And yzer Basi cs

Couding Factar ¢wy X LOSS
Drectivity —  (through arm)

Dredivity (dB = Isd ai Rqa8°" Buding Factor

(dB - Loss (dB

Exanypl es:

Drectivity =50 dB- 20dB =30 dB

Drectivity =60 dB- 20dB- 10 dB = 30 dB

Agilent Technologies




One Method d Measuring Coud e Drectiuty

10 (0dB (rderence)

Coup e :
D SNy 018) |

.018 (35 dB (normali zed)

4 Drectivity =35 dB- 0dB
| = 35 dB
|
___/
Source@—l—xl load | Assumne perfed
| oad (no

W i r fl ecti on)
Net work And yzer Basics ~&.2 Agilent Technologies Copyr it
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Dreciond Bidge

. 50-ohml oad a test port
bd ances
the lri dge -- deted o reads
Zero

. Non-50-ohml oadi nbd ances
bri dge

. Measuring nagntude and
phase d i nbd ance g ves
conpl exi npedance

. "Dredivity'isdfference
bet ween maximu m and
m n nmum bd ance

Net work And yzer Basics ':::’ Agllent T&Ch“ﬂlogies Copyri ght
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NA Hardware HRont
Ends, Mxes \ersus
Sanp ers

e f—roc osf

M xer-based front end

It is cheaper and easi er to make
br oadband front ends usi ng
sanpl ersinstead of mxers

/

Sampl er-based front end

SOURCE

@ Ind dert

Refl edt ed \

X_$ 9 GNAL X
SEPARATI ON %‘—

mmmmmm

B TRAN(B
— | |

RECH VER/ DETECTOR

PROCESSOR/ D SPLAY

AS

—{ ADC/ DSID

Har%{;"' Tmmnml, |
genera o frequency "conb"
|

Net work And yzer Bas cs ':::’ Agllent TECh“OIogies
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hree Versus Four- Reca ver And yzers

Source
QTR

f r* “ Tr ansf er swtch

X(| ‘?1&(

Source

i
r r- ﬁ Transf er swtch

oty

T

u O
Port 2

3recd vers
. more economecd
. TRL*, LRM cdsony
. 1nd udes:

. 8753ES

. 8720ES (standar d)

Net wor k And yzer Basics

°:::' Agilent Technologies Copyri gt

Port 1 Port 2
4 rece vers
. Mor e expensive

. true TRL LRMcds
. I nd udes:

- 8720ES (opti on 400)
. 8510C

2000



| Paary]

1 R

~ B Ir..
e L EPE, L
~ - . o
- L) 1 e
- r Y .
[ e L

8720ES Opti on 400 adds

fourth sanypl er, dl ow ng full

. TRL*

. assunesthe source andload natch o atest pat ae equd
(port sy mmetry bet ween far ward and reverse measurenerns)
.thsisony afar assunptionfor three-recd ver net work analyzers
. TRL
.four recdvers are necessary to naketherequred neasurenents
. TRL and TRL* useidenticd cdilraion & andards
. Innoncoax d applicati ons, TRL ach eves better source and|oad st ch
corredionthan TRL*
. What about coaxi d applicati ons?
. SOLTis usudlythe preferred cdi lraion nethod
.coaxd TRL can be nore accuraethan SOLT, bu na common y used
Net work And yzer Bas cs iz Agilent Technologies Copyi gt



Chdlenge Qu z

1 Canfilters cause d stortionin communi cations systens?
A Yes, duetoimpar nent d phase and nagntude response
B. Yes, dueto nonlinear conponents such as ferritei nduct as
C No, only adive deu ces can cause d & ation
D No, filters only causelinear phase shfts
E Bah Aand B above

2. VWich staement about transmssionlinesisfdse?

Wsefd fa dfid et transmsson o RF power

Requrestem nationin charact eri gici npedance fa | ow VSWR

Envd ope vdtage o RF 9 gnd isindependent d postion dongline

Wsed when wavd engh d 9gnd is sndl comparedtolengh o line

Can beredizedinavaidy of fa ns such as coax d, waveguide nncrostri

mooOw>»

3. WWich staement about narrowband detectionisfdse?
A Is generdlythe cheapest wayto deect mcowave dgnds
B Rovdes nmuch geae dynam crangethan d ode det ecti on
C Wses vaiade-bandwd hl Ffiltersto s andyzer na se fl oor
D Rovdesrgeciond ha nonc and spurious 9 gnds
E Wses mxersor sanp es as downconverte's
Net work And yzer Bas cs ':::’ Agllent TECh“OIogies Copyri grt

2000



Chdl enge Qu z (cornti nued)

4. Maxi mum dynam c range with narrowband det ecti onis defi ned as:

Maxi mumrecd ver i nput power nnnus the stopband o the device under te
Maxi mumrecd ver i nput power nmnus the recd ver's na se fl oar

Detectar 1-dB-conpressonparnt mnusthe har nonclevd of the source
Recea ver damage levd dusthe nmaxi mumsource ou pu power

Maxi mumsour ce ou put power nnnus the reca ver' s na se fl cor

mooOmw>»

5 WthaT Rana yzer, thefdlowng error ter ns can be corrected:
A Source natch, load natch trans mss ontrack ng
B. Load netch rdlediontrackng, transmss ontrack ng
C Source netch, relediontrack ng transmsson track ng
D Drecivty, source netch load natch
E Dredi\ty, reflediontrack ng, | oad netch

6. Cdibration(s) canrenove which of thefoll ow ngtypes of neasurenment
A Systenstic and drift
B Systendtic and random
C Randomand dift
D Reped allity and systenstic
E Repea ablity and drift
Net work And yzer Bas cs ':::’ Agllent TECh“OIogies Copyri grt
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Chdl enge Qu z (cornti nued)

7. Which staement about TRL cdibrationisfdse?
A Is atype d two- pot era corredion
B. Wses eadlyfabrica ed and char act eri zed & andar ds
C Most comnmony usedinnoncoax d envronments
D Is na avalable onthe 8720ESfamly & mcrowave
net work and yzers
E Has aspeda veesdonfa three-sanp e net work
andyzers

8. For which conmponent isit hardest to get accurae

trans m ssi on and refl ection measurenments when usi ng
a T R net wor k and yzer ?

A Anplifiers because ou put power causes recea ver
conpress on

B. Cald es becauseload netch canna be corected

C HRlte gopbands because d lack d dynannc range

D Nixers because o | ack o lroadband detectors

E Atenua os because source mat ch canna be corecded

9. Power sweeps are good for which measurenments?
A & nconpress on
Network Andyzer Bass B AMt O Pt{ﬂgépnﬂgihéaﬂechnologies Copyri gt
C Sauaedoutpu power



Answers to Chdlenge Quiz

OO ~NOOOODNWPNEPR
MO OO >0 M

Net work And yzer Bas cs ':::’ Agllent TECh“OIogies



